Protein Synthesis in BHK 21 Cells Infected
with Foot-and-Mouth Disease Virus (Accepted 7 July 1969) Macromolecular synthesis in mammalian cells following infection with picornaviruses has been studied by several groups (Baltimore & Franklin, 1962; Penman et aL 1963; Plagemann, 1968) . However, much of the evidence is contradictory and does not lead to a unified hypothesis accounting for the observed effects. This was demonstrated dearly by the work of Plagemann (I968) in which infection of L cells with mengovirus resulted in a rapid inhibition of cellular RNA and protein synthesis, whereas neither process was affected when Novikoff rat hepatoma cells were used. The confusion in this area of biochemistry was reviewed clearly by Martin & Kerr (1968) .
Our previous studies (Brown, Martin & Underwood, I966) indicated that infection of BHK 2I cells with foot-and-mouth disease virus (type SAT 1) inhibited cell protein synthesis within I5 to 30 min. after infection. Other workers have also found inhibition of cell protein synthesis following infection of baby hamster kidney cells with virus of type A (Polatnick, Vande Woude & Arlinghaus, I968) . We have now attempted to elucidate further the processes responsible for this inhibition. The conditions used for the growth ofBHK 21 cells and foot-and-mouth disease virus were described by Brown et al. (1966) . Cellular protein synthesis was studied by measuring the amount of radioactively labelled amino acids incorporated into the cells during consecutive 5 or I5 min. exposures, using a series of replicate monolayers. Cell monolayers incubated in Earle's saline were used as controls. The labelling period was terminated by removing the medium and adding cold IO °/o (w/v) trichloracetic acid (5 ml.), after which the cells were stored at 4 ° until analysed. The fixed cell sheets were removed from the glass and washed three times with cold Io % (w/v) trichloracetic acid (5 ml.) and twice with cold methanol (5 ml.). The residual precipitate was dissolved in 0"5 ml. Hydroxide of Hyamine (IO × ) (Packard Instrument Co., Ill., U.S.A.) at 37 ° and counted in toluene/ PPO/POPOP (looo: 5:0"3 v/w/w), using a Tricarb 331o liquid scintillation counter. Carbon-I 4 was counted at an efficiency of 75 % and tritium at 30 ~o.
Under the conditions used previously (Brown et al. I966) , in which the infecting virus was not removed, infection inhibited by 60 % the incorporation of amino acids into cellular protein within 5 min. of infection (Fig. 1) . However, replacement of the virus by Earle's saline io min. after infection led to complete recovery of cellular protein synthesis (Fig. I) . The presence of unfractionated virus suspension throughout the growth period did not affect the virus growth rate or the final yield. Virus which had been inactivated by heating at 37 ° for 24 hr (which decreased the infectivity by 99"9 % without destroying the virus structure) also brought about this rapid reversible inhibition of cellular protein synthesis (Fig. 2) . The residual infectivity in the heated sample was sufficient to infect no more than o.i ~o of the cells. It seemed likely, therefore, that the observed inhibition was not due to virus infection but was caused by non-virus constituents in the suspension.
The experiments described in the previous work (Brown et aL I966) were repeated periods of z5 min. with a mixture of pure [t4C]amino acids. Following the labelling period the cells were treated as described above. Under these conditions the synthesis of cellular protein was unaffected by infection with foot-and-mouth disease virus (Fig. 3) . Synthesis of progeny virus proceeded at the same rate irrespective of whether or not the infecting virus was removed from the cell monolayers after infection. It seems likely, therefore, that the inhibition of amino acid incorporation which occurred when unfractionated virus was left in contact with the cells was caused by blockage of the entry of the amino acids into the cells and was not due to the inhibition of protein synthesis. These results emphasize the need to use purified virus when studying the effects of virus infection on host cell metabolism.
